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ULTRASONIC PROBE ASSEMBLY 



TECHNICAL FIELD 

The present invention relates, in general, to 
ultrasonic imaging and, in particular, to an ultrasonic 
probe assembly with the ultrasonic transducer arranged 
for insertion into a body cavity. 

BACKGROUND OF THE INVENTION 

Ultrasonic probe assemblies having the 
ultrasonic transducer arranged for insertion into a body 
cavity (i.e. prostate probes, esophageal probes, vaginal 
probes) are in widespread use. Typically, the ultrasonic 
transducer, the transducer mount mechanism and the motor 
which imparts scanning movement to the ultrasonic 
transducer are housed at one end of an endoscope. Power 
to the motor and electrical signals, from which the image 
is developed, are conducted along wires extending through 
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the endoscope. In addition, for those ultrasonic probe 
assemblies arranged for multi-plane scanning, the cables 
by which the scan plane of the ultrasonic transducer as 
changed mechanically extend through the endoscope to the 
transducer mount mechanism from a control remote from the 
transducer mount mechanism! 

It is apparent that the sizes of the ultrasonic 
transducer, the transducer mount mechanism and the 
scanning motor dictate the size of the housing inserted 
into the body cavity. Often, the size of this housing xs 
too large for the desired applications of the ultrasonic 
probe assembly. 

SUMMARY OF THE INVENTION 

An ultrasonic probe assembly, constructed in 
accordance with the present invention, includes a first 
housing, a ultrasonic transducer and mounting means for 
mounting the ultrasonic transducer to the first housing 
for scanning movement of the ultrasonic transducer. Also 
included in this ultrasonic probe assembly are a second 
housing spaced from the first housing, a drive motor 
mounted in the second housing and having an output 
driver,, and coupling means', including flexible connecting 
means, extending between the output driver of the motor 
and the ultrasonic transducer for imparting scanning 
movement to the ultrasonic transducer in response to the 
output driver. The flexible connecting means have a 
length which permits positioning the first housing with 
the ultrasonic transducer within a body cavity of a 
patient while the second housing remains outside the body 
of the patient. 

When the present invention is incorporated in a 
multi-plane imaging ultrasonic probe assembly, the 
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assembly also includes second mounting means for mounting 
the first mounting means and the ultrasonic transducer to 
the first housing for pivotal movement of the first 
mounting means about an axis perpendicular to the axis 
about which the ultrasonic transducer is scanned. Also 
included are selection means attached to the second 
housing containing the drive motor for setting a selected 
pivotal position of the first mounting means and second 
coupling means, including second flexible connecting 
means, extending between the selection means and the 
second mounting means for positioning the first mounting 
means in response to the selection means. The second 
flexible connecting means have a length substantially 
coextensive with the first flexible connecting means. 

BRIEF DESCRIPTION OF 'THE DRAWINGS 

Figure 1 is a top view of one preferred 
embodiment of an ultrasonic probe assembly constructed in 
accordance with the present invention. 

Figure 2 is a side view of the Figure 1 
ultrasonic probe assembly. 

Figure 3 is an end view of the Figures 1 and 2 
ultrasonic probe assembly. 

Figure 4 is a side view of the Figures 1 and 2 
ultrasonic probe assembly with the ultrasonic transducer 
positioned to scan in a plane different from its scan 
plane in Figures 1 and 2 . 

Figure 5 is an end view of the Figures 1 and 2 
ultrasonic probe assembly with the ultrasonic transducer 
positioned to scan as illustrated in Figure 4. 
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Figure 6 is a plan view of an endoscope in 
which the ultrasonic probe assembly of Figures l through 
5 can be incorporated. 

Figures 7A and 7B are sectional views which 
illustrate in more detail and on a larger scale the 
flexible connections between the two housings of the 
ultrasonic probe assembly of Figures 1 through 5 
incorporated in the endoscope of Figure 6. 

DETAILED DESCRIPTION OF THE INVENTION 



Referring to Figures 1 through 5, an 
ultrasonic probe assembly, constructed in accordance with 
the present invention, includes a first housing 10, a. 
ultrasonic transducer 12 and first mounting means for 
mounting transducer 12 for scanning movement of 
transducer 12 about a first axis. Ultrasonic transducer 
12 can be of conventional construction and operation such 
as a 3 . 5 - 5 MHz transducer supplied by Echo Ultrasound 
and used typically for cardiac imaging. Ultrasonic 
transducer 12 is attached to a leg 14 and is mounted, for 
the embodiment of the present invention being described, 
by a pivot shaft 16 on which leg 14 is mounted and which 
defines an axis for scanning movement of ultrasonic 
transducer 12 . Figure 3 shows by dashed lines 12a and 
12b the range of oscillatory scanning motion of 
ultrasonic transducer 12. A double-ended arrow 17 
defines' this range of motion which typically is 100 
degrees . 

The first mounting means and ultrasonic 
transducer 12 are mounted to housing 10 for pivotal 
movement of the first mounting means about a second axis 
which is perpendicular to the scan axis of transducer 12. 
This is accomplished by second mounting means which, for 



WO 93/07808 



PCT/US92/08909 



- 5 - 

the embodiment of the present invention being described, 
include a bracket 19 and a pivot shaft 20. By this 
arrangement the plane of scanning of ultrasonic 
transducer 12 can be changed so that the body part, such 
as the heart, which is being imaged can be viewed in 
different ways (i.e. in longitudinal and transverse 
sections or any section in between) . Figures 4 and 5 
show ultrasonic transducer 12 positioned to scan in a 
plane different from the scan plane position of 
ultrasonic transducer 12 in Figures 1, 2 and 3. 

An ultrasonic probe assembly, constructed in 
accordance with the present invention, also includes a 
second housing 21 spaced from first housing 10 and a 
drive motor 22 mounted in housing 21 and having a motor., 
housing 22a and an output driver shaft 22b. Drive motor 
22, which can be a DC reciprocating motor, provides the 
drive for oscillatory scanning movement of ultrasonic 
transducer 12 . Drive motor 22 is rotatably mounted in 
housing 21, so that it can pivot when the scan plane of 
ultrasonic transducer 12 is to be changed. 

Attached to motor housing 22a are selection 
means, in the form of a knob 24, for setting a selected 
pivotal position of the first mounting means in housing 
10. The position of knob 24 and, therefore, the position 
of motor 22 determine the scan plane of ultrasonic 
transducer 12 . 

An ultrasonic probe assembly, constructed in 
accordance with the present invention, further includes 
first coupling means extending between output driver 
shaft 22b of motor 22 and ultrasonic transducer 12 for 
imparting scanning movement to transducer 12 in response 
to oscillatory movement of output driver shaft 22b. The 
first coupling means include, for the embodiment of the 
present invention being described, a flexible connection 
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26, made up of two lengths, attached at a first end to a 
drive pulley 28 which is fixed to output driver shaft 22b 
of motor 22. Flexible connection 26 also is attached at 
a second end to a pulley 3 0 which is mounted on pivot 
shaft 20 for reciprocating movement . Each length of 
flexible connection 26 extends through a sleeve 27 the 
opposite ends of which are anchored in ousings 10 and 21. 
integral with pulley 3 0 is a first bevel gear 32 which 
meshes with a second bevel gear 34 to which leg 14 is 
attached. As a result, the oscillatory drive provided by 
motor 22 is imparted to ultrasonic transducer 12 through 
drive pulley 28. flexible connection 26, pulley 30, bevel 
gears 32 and 34, and leg 14. The length of flexible 
connection 26 and the length of each sleeve permits 
positioning first housing 10 and ultrasonic transducer 12 
within a body cavity of a patient while second housing 21 
with motor 22 remains outside the body of the patient. 

An ultrasonic probe assembly, constructed in 
accordance with the present invention, further includes 
second coupling means extending between the scan-plane 
selection means at housing 21 and the second mounting 
means at housing 10 for positioning the first mounting 
means at housing 10 in response to movement of the 
selection means. The second coupling means include, for 
the embodiment of the present invention being described, 
a pulley 36 fixed to motor housing 22a and a second 
flexible connection 38 fixed at one end to pulley 36 and 
at a second end to a pulley 40 which is integral with 
bracket 19. As a result, as knob 24 is turned, as 
represented by the double-ended arrow 41, this movement 
is imparted to bracket 19 through motor housing 22a, 
pulley 36, flexible connection 38 and pulley 40 to change 
the scan plane of ultrasonic transducer 12 . The range of 
scan -plane variation can be up to one hundred eighty 
degrees. The length of flexible connection 38 is 
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substantially coextensive with flexible connection 26, so 
that knob 24 with housing 21 is outside the body of the 
patient while housing 10 and ultrasonic transducer 12 are 
within a body cavity of the patient. 

Preferably, flexible connections 26 and 38 
extend through a flexible tube 42, the ends of which are 
attached by suitable means to housings 10 and 21. In 
addition, wires (not shown) which power ultrasonic 
transducer 12 and conduct imaging signals from transducer 
12 extend through flexible tube 42 . 

Figure 6 illustrates the ultrasonic probe 
assembly of Figures 1 through 5 incorporated in an 
endoscope. Housings 10 and 21 are connected by flexible 
tube 42 through which flexible connections 26 and 3 8 
extend. Knob 24 on housing 21 functions, as previously 
described, to change the scan plane of the ultrasonic 
transducer in housing 10. The drive motor (not shown in 
Figure 6) is located in housing 21. A second knob 44 on 
housing 21 controls bending of the end of the flexible 
endoscope upward, downward and sideways to permit the end 
of the endoscope to make turns as it is passed through 
the body to the body cavity at which imaging is to take 
place. The wires (not shown) which power the ultrasonic 
transducer (not shown in Figure 6) and conduct imaging 
signals from the transducer extend to a connector 46 
which is adapted for connection into suitable signal 
processing and imaging equipment. 

Referring to Figures 7A and 7B, which should be 
viewed with the right-hand end of Figure 7A leading to 
the left-hand end of Figure 7B, flexible connection 26 
from the Figures 1 through 5 ultrasonic probe assembly 
can include a multi- strand steel cable section 50 which 
is pinned to pulley 30. As the two lengths of multi- 
strand steel cable section 50 to either side of pulley 3 0 
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are palled or pushed in response to the reciprocating 
cement of output driver shaft 22b of motor 22. pulley 
30 turns. 

Flexible connection 26 also includes a single- 
strand steel music wire section 52 which is butt-welded 
to multi-strand steel cable section 50. At its opposite 
end, single-strand steel music wire section 52 is 
soldered to a steel surgical tubing section 54 . 

Steel surgical tubing section 54 is soldered to 
an endless belt 56 which extends between pulley 28 and an 
idler pulley 58. With endless belt 56 pinned to pulley 
28 and pulley 28 fixed to output driver shaft 22b of 
motor 22, as output driver shaft 22b reciprocates, 
pulley 28 is driven and also reciprocates to cause 
endless belt 56 to undergo movements in opposite 
directions. 

The arrangement of flexible connection 26 which 
has just been described results in a connection having 
reduced hysteresis and backlash. Multi-strand steel 
cable section 50 is sufficiently flexible to conform to 
the tight radii in housing 10. Single -strand steel music 
wire section 52 provides sufficient stiffness and 
rigidity so that it can be pushed in push/pull operation. 
Steel surgical tubing section 54 serves as the inside 
wiper for the seal at the transition from wet to dry in 
an endoscope. Endless belt 56, in conjunction with idler 
pulley 58, besides converting the rotary motion of output 
driver shaft 22b of motor 22 to linear motion, adds 
stiffness and rigidity to effect push/pull motion. 

Flexible connection 38, by which the scan plane 
of ultrasonic transducer 12 is changed, can be arranged 
similar to flexible connection 26 just described. 



WO 93/07808 



PCT/US92/08909 



- 9 - 

The foregoing has set forth an exemplary and 
preferred embodiment of the present invention. It will 
be understood, however, that various other alternative 
embodiments will occur to those of ordinary skill in the 
art without departure from the spirit and scope of the 
present invention. 
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What is Claimed: 

1. An ultrasonic probe assembly comprising: 

a first housing; 

an ultrasonic transducer ; 

mounting means for mounting said ultrasonic 
transducer to said first housing for scanning movement of 
said transducer; 

a second housing spaced from said first 

housing; 

a drive motor rotatably mounted in said second 
housing and having an output driver; 

and coupling means including: 

(a) first and second flexible connection 
lengths coupling said output driver of said 
motor to said ultrasonic transducer, and 

(b) first and second sleeves through which 
said first and said second flexible connection 
lengths, respectively, extend 

for imparting scanning movement to said ultrasonic 
transducer in response to movement of said output driver, 
said first and said second flexible connection lengths 
and said first and said second sleeves each having a 
length which permits positioning said first housing and 
said transducer within a body cavity of a patient while 
said second housing remains outside the body of the 
patient. 

2. An ultrasonic probe assembly according to 
claim 1 wherein said drive motor is a reciprocating motor 
and said scanning movement of said ultrasonic transducer 
is oscillatory. 
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3 . An ultrasonic probe assembly according to 
claim l wherein opposite ends of said first and said 
second sleeves are anchored in said first and said second 
housings • 

4. A ultrasonic probe assembly according to 
claim 2 wherein the range of scanning movement of said 
ultrasonic transducer is 100 degrees. 

5. An ultrasonic probe assembly according to 
claim 2 further including a flexible tube extending 
between said first housing and said second housing and 
through which said first and said second flexible 
connection lengths extend. 

6. An ultrasonic probe assembly comprising: 
a first housing; 

an ultrasonic transducer; 

first mounting means for mounting said 
ultrasonic transducer for scanning movement of said 
transducer about a first axis; 

second mounting means for mounting said first 
mounting means and said ultrasonic transducer to said 
first housing for pivotal movement of said first mounting 
means about a second axis which is perpendicular to said 
first axis; 

a second housing spaced from said first 

housing; 

a drive motor rotatably mounted in said second 
housing and having a motor housing and an output driver; 

selection means attached to said motor housing 
for setting a selected pivotal position of said first 
mounting means; 
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first coupling means, including first flexible 
connecting means, extending between said output driver of 
said drive motor and said ultrasonic transducer for 
imparting scanning movement to said transducer in 
response to movement of said output driver, said first 
flexible connecting means having a length which permxts 
positioning said first housing and said transducer within 
a body cavity of a patient while said second housing 
remains outside the body of the patient; 

and second coupling means, including second 
flexible connecting means, extending between said 
selection means and said second mounting means for 
positioning said first mounting means in response to 
movement of said selection means, said second flexible 
connecting means having a length substantially 
coextensive with said first flexible connecting means. 

7. An ultrasonic probe assembly according to 
claim 6 wherein said drive motor is a reciprocating motor 
and said scanning movement of said ultrasonic transducer 
is oscillatory. 

8. An ultrasonic probe assembly according to 
claim 7 wherein: 

(a) said first flexible connecting means 
include : 

(1) a first multi-strand steel cable 
section coupled to said ultrasonic 
transducer, 

(2) a first single- strand steel music 
wire section attached to said first 
multi- strand steel cable section, 
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(3) a first steel surgical tubing section 
attached to said first single-: strand 
steel music wire section, 

(4) a first idler pulley, and 

(5) a first endless belt to which said 
first steel surgical tubing section 
is attached and which extends between 
said first idler pulley and said 
output driver of said driver motor, 

(b) said second flexible connecting means 
include : 

(1) a second multi- strand steel cable 
section coupled to said second 

mounting means, 

i 

(2) a second single- strand steel music 
wire section attached to said second 
multi-strand steel cable section, 

(3) a second steel surgical tubing 
section attached to said second 
single -strand steel music wire 
section, 

(4) a second idler pulley, and 

(5) a second endless belt to which said 
second steel surgical tubing section 
is attached and which extends between 
said second idler pulley and said 
selection means. 



9. A ultrasonic probe assembly according to 
claim 7 wherein: 

(a) said first coupling means include: 

(1) a first pulley in said second housing 
fixed to said output driver of said 
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• drive motor and to which a first end 
of said first flexible connecting 
means is attached, 

(2) a second pulley in said first housing 
and to which a second end of said 
first flexible connecting means is 
attached, 

(3) a first bevel gear in said first 
housing and integral with said second 
pulley, and 

(4) a second bevel gear in said first 
housing, meshing with said first 
bevel gear and connected to said 
ultrasonic transducer, and 

(b) said second coupling means include: 

(1) a third pulley in said second housing 
fixed to said selection means and to 
which a first end of said second 
flexible connecting means is 
attached, and 

(2) a fourth pulley in said first housing 
attached to said second mounting 
means and to which a second end of 
said second flexible connecting means 
is attached. 

10 . An ultrasonic probe assembly according to 
claim 8 wherein: 

(a) said first coupling means include: 

(1) a first pulley in said second housing 
fixed to said output driver of said 
drive motor and to which said first 
endless belt is attached, 
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(2) a second pulley in said first housing 
and to which said first multi -strand 
steel cable section is attached, 

(3) a first bevel gear in said first 
housing and integral with said second 
pulley, and 

(d) a second bevel gear in said first 
housing, meshing with said first 
bevel gear and connected to said 
ultrasonic transducer, and 

(b) said second coupling means include: 

(1) a third pulley in said second housing 
fixed to said selection means and to 
which said second endless belt is 
attached, and' 

(2) a fourth pulley in said first housing 
attached to said second mounting 
means and to which said second multi - 
strand steel cable section is 
attached. 



11. An ultrasonic probe assembly according to 
claim 7 further including a flexible. tube extending 
between said first housing and said second housing and 
through which said first flexible connecting means and 
said second flexible connecting means extend. 

12. An ultrasonic probe assembly according to 
claim 10 wherein said selection means include a rotatable 
knob fixed to said housing of said drive motor. 



13 . A ultrasonic probe assembly according to 
claim 7 wherein the range of scanning movement of said 
ultrasonic transducer is 100 degrees. 
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14. An ultrasonic probe assembly according to 
claim 14 wherein the range of scan-plane variation of 
said ultrasonic transducer is one hundred eighty degrees. 

15. An ultrasonic probe assembly according to 
claim 6 wherein: 

(a) said first flexible connecting means 
include: 

(i) first and second flexible connection 
lengths coupling said output driver of 
said motor to said transducer, and 

(ii) first and second sleeves through 
which said first and said second flexible 
connection lengths of said first flexible 
connecting means, respectively, extend and 
having a length substantially coextensive 
with said first and said second flexible 
connection lengths of said first flexible 
connecting means, and 

(b) said second flexible connecting means 
include: 

(i) first and second flexible connection 
lengths coupling said selection means to 
said second mounting means, and 

(ii) first and second sleeves through 
which said first and said second flexible 
connection lengths of said second flexible 
connecting means, respectively, extend and 
having a length substantially coextensive 
with said first and said second flexible 
connection lengths of said second flexible 
connecting means . 
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16. An ultrasonic probe assembly according to 
claim 15 wherein opposite ends of said first and said 
second sleeves of said first flexible connecting means 
and opposite ends of said first and said second sleeves 
of said second flexible connecting means are anchored in 
said first and said second housings. 

17. An ultrasonic probe assembly comprising: 
a first housing; 

an ultrasonic transducer; 

mounting means for mounting said ultrasonic 
transducer to said first housing for scanning movement of 
said transducer; 

a second housing spaced from said first 

housing; 

a drive motor rotatably mounted in said second 
housing and having an output driver; 

and coupling means, including flexible 
connecting means, extending between said output driver of 
said drive motor and said ultrasonic transducer for 
imparting scanning movement to said transducer in 
response to movement of said output driver, said flexible 
connecting means: 

(a) including: 

(i) a multi-strand steel cable section 
coupled to said ultrasonic transducer, 

(ii) a single- strand steel music wire 
section attached to said multi- strand 
steel cable section, 

(iii) a steel surgical tubing section 
attached to said single- strand steel music 
wire section, 
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(iv) an idler pulley, and 
(v) an endless belt to which said steel 
surgical tubing section is attached and 
which extends between said idler pulley 
and said output driver of said driver 
motor, and 

(b) having a length which permits positioning 
said first housing and said transducer 
within a body cavity of a patient while 
said second housing remains outside the 
body of the patient. 

18. A ultrasonic probe assembly according to 
claim 17 wherein said coupling means further include: 

(a) a first pulley in said second housing 
fixed to said output driver of said drive 
motor and to which a first end of said 
flexible connecting means is attached, 

(b) a second pulley in said first housing and 
to which a second end of said flexible 
connecting means is attached, 

(c) a first bevel gear in said first housing 
and integral with said second pulley, and 

(d) a second bevel gear in said first housing, 
meshing with said first bevel gear and 
connected to said ultrasonic transducer. 



19. An ultrasonic probe assembly according to 
claim 18 wherein said coupling means further include: 

(a) a first pulley in said second housing 

fixed to said output driver of said drive 
motor and to which said endless belt is 
attached, 
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(b) a second pulley in said first housing and 
to which said multi- strand steel cable 
section is attached, 

(c) a first bevel gear in said first housing 
and integral with said second pulley, and 

(d) a second bevel gear in said first housing, 
meshing with said first bevel gear and 
connected to said ultrasonic transducer. 

20. An endoscope comprising: 
a first housing; 

an ultrasonic transducer for developing signals 
representative of a body part being imaged; 

first mounting means for mounting said 
ultrasonic transducer for scanning movement of said 
transducer about a first axis; 

second mounting means for mounting said first 
mounting means and said ultrasonic transducer to said 
first housing for pivotal movement of said first mounting 
means about a second axis which is perpendicular to said 
first axis; 

a second housing spaced from said first 

housing; 

a drive motor rotatably mounted in said second 
housing and having a motor housing and an output driver; 

selection means attached to said motor housing 
for setting a selected pivotal position of said first 
mounting means; 

first coupling means, including first flexible 
connecting means, extending between said output driver of 
said drive motor and said ultrasonic transducer for 
imparting scanning movement to said transducer in 
response to movement of said output driver, said first 
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flexible connecting means having a length which permits 
positioning said first housing and said transducer within 
a body cavity of a patient to image a body part while 
said second housing remains outside the body of the 
patient; 

second coupling means, including second 
flexible connecting means, extending between said 
selection means and said second mounting means for 
positioning said first mounting means in response to 
movement of said selection means, said second flexible 
connecting means having a length substantially 
coextensive with said first flexible connecting means; 

a flexible tube extending between said first 
housing and said second housing and through which said 
first flexible connecting means and said second flexible 
connecting means extend; 

and means for conducting said signals developed 
by said ultrasonic transducer to signal processing and 
imaging equipment. 
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3. (Cancelled) 

4. (Cancelled) 

5 . (Cancelled) 

6. (Amended) An ultrasonic probe assembly 
comprising: 

a first housing; 

an ultrasonic transducer; 

first mounting means for mounting said 
ultrasonic transducer for scanning movement of said 
transducer in a selected scan plane about a first axis; 

second mounting means for mounting said first 
mounting means and said ultrasonic transducer to said 
first housing for pivotal movement of said first mounting 
means with respect to said first housing about a second 
axis which is perpendicular to said first axis; 

a second housing spaced from said first 

housing; 

a drive motor rotatably mounted in said second 
housing and having a motor housing and an output driver; 

selection means attached to said motor housing 
for setting a selected pivotal position of said first 
mounting means corresponding to said selected scan plane; 
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first coupling means, including first flexible 
connecting means, extending between said output driver of 
said drive motor and said ultrasonic transducer for 
imparting scanning movement to said transducer in 
response to movement of said output driver, said first 
flexible connecting means having a length which permits 
positioning said first housing and said transducer within 
a body cavity of a patient while said second housing 
remains outside the body of the patient; 

and second coupling means, including second 
flexible connecting means, extending between said 
selection means and said second mounting means for 
positioning said first mounting means in response to 
movement of said selection means, said second flexible 

connecting means having a length substantially 

i 

coextensive with said first flexible connecting means, 

7. An ultrasonic probe assembly according to 
claim 6 wherein said drive motor is a reciprocating motor 
and said scanning movement of said ultrasonic transducer 
is oscillatory. 



8. (Cancelled) 
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10. (Amended) An ultrasonic probe assembly 
according to claim 21 wherein: 

(a) said first coupling means include: 

(1) a first pulley in said second housing 
fixed to said output driver of said 
drive motor and to which said first 
endless belt is attached, 
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(2) a second pulley in said first housing 
and to which said first multi -strand 
steel cable section is attached, 

(3) a first bevel gear in said first 
housing and integral with said second 
pulley, and 

(4) a second bevel gear in said first 
housing, meshing with said first 
bevel gear and connected to said 
ultrasonic transducer, and 

(b) said second coupling means include i 

(1) a third pulley in said second housing 
fixed to said selection means and to 
which said second endless belt is 
attached, and 

(2) a fourth pulley in said first housing 
attached to said second mounting 
means and to which said second multi - 
strand steel cable section is 
attached. 

11. An ultrasonic probe assembly according to 
claim 7 further including a flexible tube extending 
between said first housing and said second housing and 
through which said first flexible connecting means and 
said second flexible connecting means extend. 

12. An ultrasonic probe assembly according to 
claim 10 wherein said selection means include a rotatable 
3cnob fixed to said housing of said drive motor. 

13. A ultrasonic probe assembly according to 
claim 7 wherein the range of scanning movement of said 
ultrasonic transducer is 100 degrees. 
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14. (Amended) An ultrasonic probe assembly 
according to claim 13 wherein the range of scan-plane 
variation of said ultrasonic transducer is one hundred 
eighty degrees. 

15. (Cancelled) 
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16. (Amended) An ultrasonic probe assembly 
according to claim 23 wherein opposite ends of said first 
and said second sleeves of said first flexible connecting 
means and opposite ends of said first and said second 
sleeves of said second flexible connecting means are 
anchored in said first and said second housings. 

17. An ultrasonic probe assembly comprising: 
a first housing; 

an ultrasonic transducer; 

mounting means for mounting said ultrasonic 
transducer to said first housing for scanning movement of 
said transducer; 

a second housing spaced from said first 

housing; 

a drive motor rotatably mounted in said second 
housing and having an output driver; 

and coupling means, including flexible 
connecting means, extending between said output driver of 
said drive motor and said ultrasonic transducer for 
imparting scanning movement to said transducer in 
response to movement of said output driver, said flexible 
connecting means: 

(a) including: 

(i) a multi-strand steel cable section 
coupled to said ultrasonic transducer, 

(ii) a single- strand steel music wire 
section attached to said multi- strand 
steel cable section, 

(iii) a steel surgical tubing section 
attached to said single- strand steel music 
wire section, 
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(b) a second pulley in said first housing and 
to which said multi- strand steel cable 
section is attached, 

(c) a first bevel gear in said first housing 
and integral with said second pulley, and 

(d) a second bevel gear in said first housing, 
meshing with said first bevel gear and 
connected to said ultrasonic transducer. 

20. (Amended) An endoscope comprising: 
a first housing; 

an ultrasonic transducer for developing signals 
representative of a body part being imaged; 

first mounting means for mounting said 
ultrasonic transducer for scanning movement of said 
transducer in a selected scan plane about a first axis; 

second mounting means for mounting said first 
mounting means and said ultrasonic transducer to said 
first housing for pivotal movement of said first mounting 
means with respect to said first housing about a second 
axis which is perpendicular to said first axis; 

a second housing spaced from said first 

housing; 

a drive motor rotatably mounted in said second 
housing and having a motor housing and an output driver; 

selection means attached to said motor housing 
for setting a selected pivotal position of said first 
mounting means corresponding to said selected scan plane; 

first coupling means, including first flexible 
connecting means, extending between said output driver of 
said drive motor and said ultrasonic transducer for 
imparting scanning movement to said transducer in 
response to movement of said output driver, said first 
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21. (Newly Added) An ultrasonic probe assembly 
comprising: 

a first housing; 

an ultrasonic transducer; 

first mounting means for mounting said 
ultrasonic transducer for oscillatory scanning movement 
of said transducer about a first axis; 

second mounting means for mounting said first 
mounting means and said ultrasonic transducer to said 
first housing for pivotal movement of said first mounting 
means about a second axis which is perpendicular to said 
first axis; 

a second housing spaced from said first 

housing; 

a reciprocating drive motor rotatably mounted 
in said second housing and having a motor housing and an 
output driver; 

selection means attached to said motor housing 
for setting a selected pivotal position of said first 
mounting means; 

first coupling means, including first flexible 
connecting means, extending between said output driver of 
said drive motor and said ultrasonic transducer for 
imparting scanning movement to said transducer in 
response to movement of said output driver, said first 
flexible connecting means having a length which permits 
positioning said first housing and said transducer within 
a body cavity of a patient while said second housing 
remains outside the body of the patient and including: 

(1) a first multi- strand steel cable section 
coupled to said ultrasonic transducer, 

(2) a first single-strand steel music wire 
section attached to said multi-strand steel 
cable section. 
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(3) a first steel surgical tubing section 
attached to said single- strand steel music wire 
section, 

(4) a first idler pulley, and 

(5) a first endless belt to which said first 
steel surgical tubing section is attached and 
which extends between said first idler pulley 
and said output driver of said driver motor; 

and second coupling means, including second 
flexible connecting means, extending between said 
selection means and said second mounting means for 
positioning said first mounting means in response to 
movement of said selection means, said second flexible 
connecting means having a length substantially 
coextensive with said first flexible connecting means and 
including : 

(1) a second multi- strand steel cable section 
coupled to said second mounting means, 

(2) a second single- strand steel music wire 
section attached to said second mult i- strand 
steel cable section, 

(3) a second steel surgical tubing section 
attached to said second single- strand steel 
music wire section, 

(4) a second idler pulley, and 

(5) a second endless belt to which said second 
steel surgical tubing section is attached and 
which extends between said idler pulley and 
said selection means. 

22. (Newly Added) An ultrasonic probe assembly 
comprising: 

a first housing ; 

an ultrasonic transducer; 
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first mounting means for mounting said 
ultrasonic transducer for oscillatory scanning movement 
of said transducer about a first axis; 

second mounting means for mounting said first 
mounting means and said ultrasonic transducer to said 
first housing for pivotal movement of said first mounting 
means about a second axis which is perpendicular to said 
first axis; 

a second housing spaced from said first 

housing; 

a reciprocating drive motor rotatably mounted 
in said second housing and having a motor housing and an 
output driver; 

selection means attached to said motor housing 
for setting a selected pivotal position of said first 
mounting means; 

first coupling means, including: 

(1) first flexible connecting means, extending 
between said output driver of said drive motor 
and said ultrasonic transducer for imparting 
scanning movement to said transducer in 
response to movement of said output driver, 
said first flexible connecting means having a 
length which permits positioning said first 
housing and said transducer within a body 
cavity of a patient while said second housing 
remains outside the body of the patient, 

(2) a first pulley in said second housing 
fixed to said output driver of said drive motor 
and to which a first end of said flexible 
connecting means is attached, 

(3) a second pulley in said first housing and 
to which a second end of said flexible 
connecting means is attached, 
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(4) a first bevel gear in said first housing 
and integral with said second pulley, and 

(5) a second bevel gear in said first housing, 
meshing with said first bevel gear and 
connected to said ultrasonic transducer; 

and second coupling means, including: 

(1) second flexible connecting means, 
extending between said selection means and said 
second mounting means for positioning said 
first mounting means in response to movement of 
said selection means, said second flexible 
connecting means having a length substantially 
coextensive with said first flexible connecting 
means , 

(2) a third pulley in said second housing 
fixed to said selection means and to which a 
first end of said second flexible connecting 
means is attached, and 

(3) a, fourth pulley in said first housing 
attached to said second mounting means and to 
which a second end of said second flexible 
connecting means is attached - 

23. (Newly Added) An ultrasonic probe assembly 
comprising: 

a first housing; 

an ultrasonic transducer; 

first mounting means for mounting said 
ultrasonic transducer for scanning movement of said 
transducer about a first axis; 

second mounting means for mounting said first 
mounting means and said ultrasonic transducer to said 
first housing for pivotal movement of said first mounting 
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means about a second axis which is perpendicular to said 
first axis; 

a second housing spaced from said first 

housing; 

a drive motor rotatably mounted in said second 
housing and having a motor housing and an output driver; 

selection means attached to said motor housing 
for setting a selected pivotal position of said first 
mounting means; 

first coupling means, including first flexible 
connecting means, extending between said output driver of 
said drive motor and said ultrasonic transducer for 
imparting scanning movement to said transducer in 
response to movement of said output driver, said first 
flexible connecting means having a length which permits 
positioning said first housing and said transducer within 
a body cavity of a patient while said second housing 
remains outside the body of the patient and including: 

(1) first and second flexible connection 
lengths coupling said output driver of said 
motor to said transducer, and 

(2) first and second sleeves through which 
said first and said second flexible connection 
lengths of said first flexible connecting 
means, respectively, extend and having a length 
substantially coextensive with said first and 
said second flexible connection lengths of said 
first flexible connecting means; 

and second coupling means, including second 
flexible connecting means, extending between said 
selection means and said second mounting means for 
positioning said first mounting means in response to 
movement of said selection means, said second flexible 
connecting means having a length substantially 
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coextensive with said first flexible connecting means and 
including: 

(1) first and second flexible connection 
lengths coupling said selection means to said 
second mounting means, and 

(2) first and second sleeves through which 
said first and said second flexible connection 
lengths of said second flexible connecting 
means, respectively, extend and having a length 
substantially coextensive with said first and 
said second flexible connection lengths of said 
second flexible connecting means . 
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